I. INTRODUCTION
HE widespread use of non-linear loads has increased the power systems. Arc fumaces [6] , transient disturbances, and power electronics converters such as cycloconverters and line-commutated three-phase thyristor-based rectifiers are the most common non-linear loads. Their line currents may conlain both sub-harmonics (frequency lower than the line frequency) and super-harmonics (frequency higher than the line frequency but not the integer multiple). These currents are considered as non-periodic, though mathematically they may still have a periodic waveform. The period of the currents is not equal to that of the line voltage [B] , [9] . focused on the compensation of periodic non-sinusoidal currents. The diversified features of non-periodic currents make the compensation quite difficult, and theoretically, the compensation is different than that for periodic currents. However, practically the two cases are very similar [71, and in both cases a sine wave with a constant rms magnitude is preferred for the source current after compensation.
If using a shunt active filter as the compensator, the compensator injects currents that are the difference between the desired source currents and the required load currents. Starting from this viewpoint, the work here characterizes the required compensation current, and in particular, determines 
DEFINITION OF NON-ACTIVE CURRENT
For a single or polyphase system, a shunt compensator to minimize the non-active power/current required of the source can he configured as in Fig. 1 . It is assumed here that the compensator consists only of passive components (inductor and/or capacitor) and/or switching devices and no external power source. Consequently, conservation of energy requires the active power of the compensator to average zero (neglecting the compensator's power loss). In more detail, let pdf), pL(f), and pdf) denote the instantaneous power of the source, load and compensator, respectively and their average values over a time interval Tc he given by In (11, the averaging interval Tc varies depending on the compensation objectives and capacitance rate of the compensator. The subscripts "S', "L", and "c' denote the source, load, and compensator quantities as shown in Fig. 1 , respectively. Based on these physical and practical limitations, non-active power/current can he defined and formulated. 
IRREGULAR CURRENT COMPENSATION
For compensation of periodic currents with fundamental period T, choosing different Tc alone does not change the source current characteristics. With reference to (5). the nns value of a periodic quantity does not depznd on the time averaging interval Tc if it is an integer multiple of T/2.
Theoretically, TC can be chosen as any arbitrary value in the case of non-periodic currents. However, it is desirable for the interval to he an integer multiple of the line frequency period because of the desire that the source current he sinusoidal and have the same frequency as the source voltage frequency. In general, the period of the line voltage is not the same as the period of the quasi-periodic current i,(r). Thus, different Tc will result in quite different source and compensator currents. Simulation results of the compensation of three kinds of non-periodic currents are given in the following subsections.
A. Non-periodic Disturbance Currents
The duration of a non-periodic current may he a fraction or multiples of the line frequency cycle. For the remaining period, the current may he zero or sinusoidal. Figs. 2, 3 show the simulation result of a single-phase disturbance current when Tc = Ti2 (Fig. 2) and Tc = 2T (Fig. 3) , and vp = vf for both cases. To simplify the simulation, the voltage is assumed to be a sine wave. However, the result will also apply in a non-sinusoidal source voltage with harmonics.
Since the disturbance energy is fixed, different TC results in different average active power PL; and thus different source and compensator current. Larger Tc results in smaller peak values of li, 1 , i.e., smaller disturbance (or demand) seen from the source, but the compensator current rating will increase as seen in Fig. 6 . The tradeoff must be weighed between minimizing the source current against additional capacitance.
While the simulations are for single-phase, the same result would he expected in three-phase cases.
B. Quasi-periodic (or Sub-harmonic) Currents
One important feature of these non-periodic currents is that the current may have a repetitive period. In Fig. 4 , the quasiperiodic current is composed by adding a sub-harmonic (IOHz) to the fundamental current (60 Hz). The simulation shows that when Tc is longer than or equal to a multiple of % of the common period of the sub-harmonic and the fundamental (20 Hz in this example), the source current is sinusoidal (Fig. 4(c) ). If Tc is shorter than that value, the source current still contains sub-harmonic components; as a result, the currents will not have the same amplitude cycle to cycle as can be seen in Fig. 4(h) .
C. Stochastic Non-Periodic Currents
The currents of arc furnaces are irregular (Fig. 5) . no finite Tc exists to get a sinusoidal source current. Mathematically. the current period is infinite. From (3), (4). if TC is infinity, PL and V, become constant and ip tracks vp. If vp is chosen as vfi i , will be sinusoidal. While an infinite TC is infeasible in practice, it is still possible to find some repetitive period in the current that has most of the rms content. Choosing a long TC may get an acceptable source current which is quite close to a sine wave as shown in Fig. 5 
IV. COMPENSATOR ENERGY STORAGE REQUIREMENTS
According to the definition in (3), the average power of the compensator Pdt) over Tc is zero.
It has been shown in [SI that fdt) is exactly zero in the periodic current case. However, during the interval Tc, the instantaneous power is not necessarily zero. The compensator generally has a capacitor for energy storage, and this capacitor has lwo processes: charge and discharge. Different capacitance is required to fulfill different compensation tasks.
The maximum energy stored in the capacitor is at t,-, when the capacitor changes from charge to discharge:
The capacitance required of the static var compensator can then be found as a function of the stored energy and voltage rating as C = 2 A W 2 . The load active power varies for nonperiodic currents.
If a sinusoidal current is desired, the instantaneous power difference between the load and snurce has to be supplied by the compensator, and a large capacitor is required. The choice of Tc is also significant for the design of the capacitor. A longer TC results in a smoother source current with smaller amplitude; this requires that the compensator current i, increase as well as the capacitance requirement. Fig. 6 shows the peak source current normalized with respect to load current for various compensation periods TC and phase angles between the pulse of current and source voltage for an example like that illustrated in Figs. 2 and 3 . With Tc changing from T/2 to 2T, is decreases from 0.6 to 0.2p.u., while i, increases only from 0.6 to 0.9p.u.
When the phase angle between the source voltage and current is small, which is common for many systems, a small increase in capacitance results in a much better compensation (i.e., much smaller source current). In the case of a large phase angle with Tc= ZT, i, increases 10% (0.9 to 1.0 p a ) ; while for Tc= T/2, i, increases 70% (0.6 to 1.0 P.u.). Fig. 7 shows the peak source current plotted as a function of the compensator's energy storage requirement and instantaneous power requirement for various compensation times and load current phase angles. At longer Tc, the power drawn from the source is distributed during Tc so that it has a smaller peak value instead of a short duration, high pulse.
The compensator instantaneous power is more concentrated so that a larger capacitor is needed when the compensation duration is short. Over the complete compensation period I",, the compensator provides only reactive power and does not consume or generate any active power because the load energy is always provided by the source.
V. CONCLUSIONS
Compensation of non-periodic currents is feasible using conventional shunt active power filters that are controlled based on a definition of non-active currents as described in this paper. Simulation results for compensation of various kinds of non-periodic currenb gives credibility to the applicability of the definition for active compensators at many different types of loads. The choice of different averaging time intervals for the compensator determines the energy storage requirements and the extent of residual distortion in the source current. 
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